Abstract. The output flow is one of the important indicators of gear pump performance. External meshing elliptic gear pump is a new type of displacement pump, whose performance is better than circular gear pump, especially in terms of output flow. The influence of rotating speed, centrifugal rate and number of teeth of an elliptical gear pump on the flow of the gear pump was analyzed by using the dynamic mesh technique in the software Fluent ® . The results
Introduction
With the rapid development of computer and numerical control technology, circular gear pumps have been widely used. A large number of scholars have studied them extensively. For example, papers [1] [2] [3] [4] have studied them from turbulent kinetic energy, dissipation rate, cavitation, tooth profile curve equation and noise, respectively, which can improve the working performance of circular gear pumps. Thus it can be seen that the research and development of gear pumps with good performance is very significant. However, these studies mainly are based on the circle pitch curve, and the research results can not fundamentally improve the inherent performance of gear pumps, such as output flow [5] . Therefore, in this paper, a new type of displacement pump-elliptic gear pump is numerically simulated. Its structural diagram is shown in Fig. 1 . Due to the complexity of internal flow field in elliptical gear pump, the transient simulation of the internal flow field of elliptical gear pump can be realized easily by using the moving grid technique. So, the present paper makes a numerical simulation on the internal flow field of elliptical gear pump based on the software Fluent ® , which provides a reference for design and optimization of structures and new gear pumps.
Theoretical analysis of fluid dynamics for elliptical gear pump
Although boundary conditions and internal flow field of elliptic gear pump are complex, the basic control equations of fluid are still to be satisfied, such as the continuity equation and the NavierStokes equation. Their tensor expressions [6] 
For incompressible fluids, the expression of ik ∏ is:
where p is pressure andη is the dynamic viscosity. When the gear pump works, the internal flow field generates turbulence. The fluid closed to the wall rotates with the gears, and the standard model of turbulence has been unable to accurately reflect the flow conditions. The turbulence model of RNG (RNG is short of renormalization group) ε κ − [4] not only revises turbulent viscosity, but also considers the rotating flow pattern in an average flow, where κ is the turbulent kinetic energy and ε is the turbulent dissipation rate. It can better simulate the flow field of pump work. The expressions of the turbulence model of RNG ε κ − [4] are as follows: 
Computing model of dynamic grid
Dynamic grid technique can be used to simulate the boundary of rigid body rotation or boundary deformation caused by the flow field shape changing over time. The technology provides three models respectively: layering, spring smoothing and local re-meshing. Because the triangular grids are used in the paper, two model of spring smoothing and local re-meshing are employed to update the grids when gears rotate. The general formula of dynamic grid computation model is as follows: ® is used to divide meshes, the mesh is a triangle, the number of nodes is 75684, and the number of elements is 140750. The generated meshes are shown in Fig.2 .
The pitch curves of two gears in Fig.2 are the two-order ellipses with the same geometry, which can be satisfied with the unidirectional continuous transmission. The parametric expression of the pitch curve of the left gear is as follows:
The transmission relationbetween two gears is shown in Fig. 3 [7] . In Fig. 3 , the left is the driving gear, while the right is the driven gear. When the left gear rotatesψ over counterclockwise, the right gear rotatesθ over clockwise. The center distance of two rotating shafts is: The expression of rotation speed of the driven gear can be derived from the relationship of transmission ratio and Eqs. (6) and (7), which is where ψ and θ  are the rotation speeds of driving and driven gears, respectively, e is the centrifugal rate, and a is the semi-major axis.
When the ellipse gear pump works, the complexity of boundary conditions and the rotation can produce a turbulent flow, so we choose the model of RNG ε κ − [8] . The working medium is water, whose physical properties are the density of 998.2kg/m 3 and the viscosity of 0.001003kg/ms, respectively. The inlet boundary condition is the pressure inlet. The inlet pressure is 101325Pa on the basis of operating conditions. The outlet boundary condition is the pressure outlet. The outlet pressure is 0Pa based on operating conditions. The standard atmospheric pressure is selected as the pressure value at the center of the outlet, which is the operating conditions. We choose "PISO" (Pressure Implicit with Splitting of Operators) as the calculation method of solver. For the spatial discretization format, the selection of gradient is the least square method based on the control volume, the pressure set is "PRESTO!" (a kind of pressure discretization scheme) method, and the rest is two-order upwind scheme. The solution control is by default. The rotation speed of two gears is set by UDF (UserDefined-Function), which is: #include"udf.h" #include"math. Under the condition of the same pressure angle (20°), the output flow rate of elliptic gear pump is analyzed from three aspects: the rotation speed, the centrifugal rate and the number of teeth. Specific calculation results are listed in Tables 1 to 3 .
The results from Table 1 show that as the speed increases, the output flow increases gradually, but the tendency of flow increase lowers. Table 2 shows that the change of the number of teeth has little effect on the output flow. Table 3 shows that as the increase of the centrifugal rate, the output flow increases, but the tendency of flow increase lowers. Tables 2 and 3 show that although the elliptical gear pump is a displacement pump, the cause of volume change is different from the circle gear pump, depending on the area that the long and short axes sweep the area in the unit time. Therefore, compared to the centrifugal rate, the effect of the number of teeth on the output flow can be ignored. 
Summary
In this paper, the output flow of elliptic gear pump is studied from three aspects: the rotational speed, the number of teeth and the centrifugal rate. The results show that the effect of the number of teeth on the output flow is negligible, compared with the rotational speed and the centrifugal rate. Therefore, only if the number of teeth meets the minimum number of teeth that the processing requires, the output flow of the elliptic gear pump is determined by the rotational speed and the centrifugal rate.
